ABSTRACT: Experiments were conducted to determine the effects of increasing supplement protein concentration on performance and forage intake of beef cows and forage utilization of steers consuming stockpiled bermudagrass forage. Bermudagrass pastures were fertilized with 56 kg of N/ha in late August. Grazing was initiated during early November and continued through the end of January each year. Treatments for the cow performance trials were: no supplement or daily equivalents of 0.2, 0.4, and 0.6 g of supplemental protein per kilogram of BW. Supplements were formulated to be isocaloric, fed at the equivalent of 0.91 kg/d, and prorated for 4 d/wk feeding. Varying the concentration of soybean hulls and soybean meal in the supplements created incremental increases in protein. During yr 1, supplemented cows lost less weight and condition compared to unsupplemented animals (P < 0.05). During yr 2, supplemented cows gained more weight (P = 0.06) and lost less condition (P < 0.05) compared to unsupplemented cows. Increasing supplement protein concentration had no affect on cumulative cow weight change
Introduction
A large portion of cow/calf enterprise production costs is associated with hay feeding that occurs when standing forage nutritive value and(or) quantity is low. Extending grazing through fall and winter reduces the amount of harvested forage needed to maintain cow performance and could reduce production costs associated with winter feeding (D' Souza et al., 1990; Adams 780 or cumulative body condition score change. Forage intake tended to increase (P = 0.13, yr 1 and P = 0.07, yr 2) in supplemented cows. Supplement protein concentration did not alter forage intake. In a digestion trial, four crossbred steers were used in a Latin square design to determine the effects of supplement protein concentration on intake and digestibility of hay harvested from stockpiled bermudagrass pasture. Treatments were no supplement; or 0.23, 0.46, and 0.69 g of supplemental protein per kilogram of BW. Forage intake increased (P < 0.05) 16% and OM intake increased (P < 0.01) 30% in supplemented compared to unsupplemented steers. Diet OM digestibility increased (P = 0.08) 14.5% and total digestible OM intake increased (P < 0.05) 49% in supplemented compared to unsupplemented steers. Supplement protein concentration did not alter forage intake, total digestible OM intake, or apparent digestibility of OM or NDF. During the initial 30 d after first killing frost, beef cows did not respond to supplementation. However, later in the winter, supplementation improved utilization of stockpiled bermudagrass forage. et al., 1994; Hitz and Russell, 1998) . Bermudagrass has potential to be utilized in late summer stockpiling and fall/winter grazing systems in the southern United States (Lalman et al., 2000) . Late summer nitrogen fertilization increases stockpiled bermudagrass forage yield (Hart et al., 1969) and protein concentration (Alexander et al., 1961; Webster et al., 1965) . However, late summer fertilized bermudagrass forage digestibility declines through the winter months (Hart et al., 1969; Taliaferro et al., 1987) , although crude protein concentration may be adequate to maintain gestating beef cows throughout the winter (Taliaferro et al., 1987; Coblentz et al., 1999) . Data quantifying fall and winter forage protein degradability and change in protein degradability over time is lacking in the literature. Similarly, few reports are available investigating the response to supplementation and cost-effective supplementation strategies for beef cows winter grazing latesummer fertilized bermudagrass pasture. This research was designed to determine the effects of a low level of supplementation with varying protein concentration on performance, forage intake, and forage utilization of beef cattle. A second objective was to determine the nutritive value of fertilized stockpiled bermudagrass pasture during winter.
Materials and Methods

Pasture Management
During May of 1997 and 1998, common bermudagrass (Cynodon dactylon) pastures at the Eastern Oklahoma Research Station, near Haskell, OK, and the Range Cow Research Center near Stillwater, OK, were fertilized with 74 to 80 kg/ha of N. Phosphorus fertilizer was also applied at this time each year according to soil test recommendations for each site. Each year, cow/ calf pairs grazed the pastures at variable stocking densities from May through the third week in August in order to achieve average residual forage height of approximately 10 cm. Forage height has been shown to be a good indicator of bermudagrass standing crop (Coblentz et al., 1998) . The Stillwater and Haskell pastures were divided into 10 and 9 sections, respectively, and were approximately equal in size. Beginning the last week in July, three forage height measurements were taken weekly at random locations within each section. Stocking density was adjusted as necessary to achieve the residual forage height goal. Immediately after cows were removed, the pastures were fertilized with 56 kg of N/ha. The first killing frost (> 4 hr at < 0°C) occurred on November 6 and November 4 in 1997 and 1998, respectively.
Diet Nutritive Value
This experiment was conducted to determine diet nutritive value from fertilized, stockpiled bermudagrass pasture from November through February each year at the Stillwater location. Four 2-yr-old Angus × Hereford esophageally fistulated heifers were used to collect masticate samples. Oklahoma State University's Institutional Animal Care and Use Committee approved the experimental protocol for these experiments, including surgical procedures performed on the fistulated heifers. The heifers grazed the stockpiled, fertilized bermudagrass pasture for 10 d prior to the first masticate collection on November 12, 1997, and November 13, 1998. Subsequent masticate sample collection intervals were approximately 28 d. The fistulated heifers grazed the fertilized, stockpiled bermudagrass pastures throughout the experiment and were provided access to previously ungrazed fertilized, stockpiled bermudagrass forage on each collection date. The fistulated heifers were removed from pasture with no access to feed or water 3 h prior to masticate collection. Heifers were fitted with a screen bottom masticate collection bag and allowed to graze for 30 min. Masticate samples were gathered from the collection bags, mixed, subsampled, and immediately placed on ice, and then stored at −20°C. Samples were lyophilized at −50°C and ground (No. 4 Wiley mill, Thomas Scientific, Swedesboro, NJ) to pass through a 2-mm screen. Masticate samples were not obtained from one heifer during the December collection date in 1997, and the December 1998 and February 1999 collection dates.
Organic matter concentrations of all samples were determined as the weight loss during combustion (500°C for 6 h) in a muffle furnace. Crude protein content of forage and supplements was determined by combustion (LECO-NS2000, Leco Corporation, St. Joseph, MI) in accordance with AOAC (1990) . Samples were also analyzed for NDF, ADF and ADL, using the nonsequential methods of Robertson and Van Soest (1982) . Acid detergent-insoluble nitrogen and neutral detergent-insoluble nitrogen were assumed to be the N in ADF and NDF residue, respectively (Goering and Van Soest, 1970) . Forage TDN was determined using the summative method described by Weiss et al. (1992) .
The concentration of degradable intake protein (DIP) in masticate was estimated using a 48-h, single-point enzyme (S. griseus protease, P-5147; Sigma Chemical Co., St. Louis, MO) assay as described by Mathis et al. (1998b) .
Grazing Trials
Cow Performance. Multiparous gestating Angus and Angus × Hereford cows were used to determine the effects of supplementation on the performance of cows grazing fertilized, stockpiled bermudagrass pasture (see above). Treatments were as follows: no supplement (Control), or daily equivalents of 0.2 (Low), 0.4 (Medium), and 0.6 (High) g of supplemental protein per kilogram of BW. Supplements were formulated to be isocaloric, and were fed at the rate of 1.59 kg at 0700 on Monday, Wednesday, Friday, and Saturday each week. Varying the concentration of soybean hulls and soybean meal in the supplements created incremental increases in supplemental DIP and crude protein (Table  1) . Cows were individually fed in portable supplementation trailers (Commanche Manufacturing, Joplin, MO). Within location, cows were ranked by initial BW and sequentially assigned to supplement treatments. All BW and body condition score (BCS, scale 1 = emaciated, 9 = extremely fat; Wagner et al., 1988 ) data were recorded following removal from feed and water for 16 h. Two experienced evaluators assigned BCS independently and these values were averaged prior to data analysis.
In yr 1, 44 cows were used at each location with 24 and 21 ha of fertilized, stockpiled pasture grazed at Stillwater and Haskell, respectively. Initial BW and BCS averaged 546 kg and 5.5, respectively. The experiment was begun on November 2, 1997, and continued through January 20, 1998, for a total of 79 d. The planned grazing period was shortened by approxi- In yr 2, 24 cows and 24 ha of fertilized, stockpiled bermudagrass pasture were used at Stillwater, and 32 cows and 17 ha of fertilized, stockpiled bermudagrass pasture were used at Haskell. Initial BW and BCS averaged 540 kg and 5.3, respectively. The experiment was begun on November 3, 1998, and continued through February 1, 1999, for a total of 90 d. Cows were weighed and BCS were recorded on d 0, 28, 63, and 90. One cow at the Haskell location calved unexpectedly on January 24, 1999. Data from this cow was also deleted from the data set.
Bermudagrass forage crude protein concentration and digestibility declines with increased defoliation (Wilkinson, et al., 1970) . This reduction in forage quality is primarily a function of the low leaf-to-stem ratio in the lower vertical profile of bermudagrass forage (Wilkinson et al., 1970) . To reduce the possible confounding effects of increased plant defoliation over time, cows were given access to previously ungrazed fertilized, stockpiled pasture every 7 to 10 d. Temporary electrical fencing was moved at Stillwater and cows were moved to a different permanent paddock at Haskell. On d 6, initial forage standing crop was estimated at each location by hand-clipping 30 0.25-m 2 areas. These data were used to determine the approximate stocking density needed for the planned 90-d experiment to maintain similar forage availability per animal unit across years and locations.
Forage Intake. The effect of supplementation on forage intake was determined at the Stillwater location beginning on d 36 each year. Slow-release chromic oxide boluses (Cattle Chrome, Captec Ltd., Auckland, New Zealand) were used to estimate fecal output. Boluses were administered on d 30, 6 d prior to a 5-d fecal collection period. Fecal grab samples were collected once daily at 0800. Four crossbred steers were used to determine the chromium release rate from the bolus. Steers grazed stockpiled bermudagrass pastures at the Stillwater location and were administered boluses on d 30 of the experiment. Steers were equipped with fecal collection bags on the morning the first grab samples were taken from the cows. Collection bags were removed, weighed, and emptied twice daily at approximately 0800 h and 1600 h for five consecutive days. Upon bag removal, feces were mixed by hand, and then 30 g of sub-sample was collected after mixing.
All fecal samples were dried at 50°C in a forced-air oven for 48 h and ground through a 2-mm screen (see above). Chromium analysis was performed using atomic absorption (Williams et al., 1962 ) (4000 Atomic Absorption Spectrophotometer, Perkin-Elmer, Norwalk, CT). Fecal output was determined by dividing the mean chromium release rate from the bolus by the concentration of chromium in the feces. Fecal output was adjusted for supplemented steers by subtracting supplement residue in the feces, which was considered to be 23% of supplement DM (NRC, 1996) . Forage intake was estimated by dividing the adjusted fecal output by indigestibility of the forage. The average TDN value of masticates collected on d 38 was used to estimate forage indigestibility.
Degradable Protein Balance. Level I of the Beef Cattle
Nutrient Requirements Model (NRC, 1996) was used to estimate DIP balance from data collected at the Stillwater location during early December (d 36 through d 41). Treatment means for BW and forage intake were used in addition to average forage and supplement digestibility, forage CP and DIP, and supplement CP and DIP to estimate DIP balance. Degradable intake protein values derived from NRC (1996) tables did not agree with in vitro supplement DIP concentration estimates (Table 1) . Balance estimates were calculated using DIP values derived from the in vitro procedure. Microbial efficiency was assumed to be 10% of total digestible DM intake (NRC, 1996) .
Digestion Trial
Four crossbred steers (BW = 366 ± 3.7 kg) were used in a Latin square design to determine the effects of protein supplementation on intake and apparent digestibility of hay from fertilized, stockpiled bermudagrass pasture. Treatments were as follows: no supplement (Control) or 0.23 (Low), 0.46 (Medium), and 0.69 (High) g of supplemental protein per kilogram of BW. Supplements were formulated to be isocaloric and were fed at the rate of 0.63 kg/d at 0800. Supplement composition is shown in Table 1 . Fertilized bermudagrass forage at the Stillwater location was allowed to accumulate from late August until harvest on December 6, 1997, 30 d after first killing frost. The hay was stored in a covered barn and then chopped to an approximate 5-cm length immediately before the digestion trial.
Each period consisted of a 14-d adaptation period and a 5-d collection period. Steers were offered 130% of the previous day's hay intake. Daily hay intake, refusal, and fecal output were measured directly. Hay samples were composited by steer for each period and a 60-g subsample was lyophilized at −50°C and used for analysis. Orts and feces were composited by steer for each period. Thirty grams of hay, orts, and fecal subsamples were weighed, dried at 50°C for 48 h, and reweighed to determine DM. Hay, orts, and fecal composites were ground as described above. The analyses for hay, orts, fecal, and supplement samples were the same as described in Exp. 1. The concentration of DIP in supplement was estimated using an 18-h, single-point enzyme assay (S. griseus protease, P-5147; Sigma Chemical Co.) as described by Mathis et al. (1998b) .
The estimated DIP balance of steers within each treatment was calculated based on measured values for BW, forage intake, forage digestibility, supplement digestibility, forage CP and DIP, and supplement CP and DIP.
Statistical Analysis
Diet quality, cow performance, and forage intake data were analyzed as a completely random design using the general linear models of SAS (SAS Inst., Inc.) and the least squares means were calculated. Year and month were included in the initial model for the diet quality data. However, several interactions existed for year × month; consequently, the means for diet quality data are reported by year. Means for diet quality data were separated using pairwise t-tests when the treatment Ftest was significant (P < 0.05; Snedecor and Cochran, 1967) . The initial model for the cow performance data included effects of year, location, treatment, location × treatment, and year × treatment. Cow served as the experimental unit because each cow received supplementation on an individual basis. Because there was no location × treatment interaction, the data were pooled across locations. However, there was a significant year × treatment interaction for total weight change. Because of this interaction, and because Exp. 2 was 11 d shorter compared to Exp. 3, results for each year are reported separately. Means were tested for differences in supplemented treatments vs the unsupplemented treatment, and supplemented treatments were tested for linear and quadratic effects using orthogonal contrasts (Steel and Torrie, 1980) .
The digestion trial was analyzed as a Latin square design. The model included effects of steer, period, and treatment. Planned orthogonal contrasts were used to test means for differences in supplemented treatments vs the unsupplemented treatment and supplemented treatments for linear and quadratic effects.
Results and Discussion
Forage Standing Crop
Initial forage standing crop averaged 3,360 kg/ha and was highly variable among locations and year (Table  2) . Factors affecting the accumulation of bermudagrass forage during late summer and fall include variety, the availability of moisture and timing of precipitation, temperature, available soil N and timing of N application, and the interaction of these factors (Lalman et al., 2000) . When late-August standing crop was estimated using forage height (Coblentz et al., 1998) , kilograms of forage accumulated per kilogram of N applied averaged 25.9 ± 9.2 (n = 4). Wilkinson and Langdale (1974) reviewed the literature to determine the response of bermudagrass to N fertilizer applications and concluded that standing crop accumulation ranged from 25 to 60 kg/kg added N. Most of these observations were from spring and summer fertilizer application and harvest dates. Hart et al. (1969) used three late-summer N application rates (0, 56, and 112 kg N/ha) over 2 yr for "Coastal" bermudagrass and reported average response (kg forage/kg N) of 21.8 and 23.9 for 56-and 112-kg N application rates, respectively. However, this response ranged from 0 to 41 kg forage/kg N (Hart et al., 1969) . In recent work, Osborne et al. (1999) concluded that the efficiency of N use was greater and less variable when N fertilizer was applied to "Midland" bermu- Means within a row without a common superscript letter differ (P < 0.05).
dagrass in March compared to August. Late-summer application of N fertilizer increases stockpiled bermudagrass yield, although the efficiency of N use appears to be highly variable and limited by late-season climatic conditions. Monthly precipitation and average monthly temperatures are shown for each location in Table 3 , along with the previous 10-yr average. Forage accumulation was especially different among the locations during yr 2. This can be partially attributed to extreme hot and dry conditions through the summer of 1998 and more precipitation during the month of September at the Haskell site. The stocking density and the total grazing area used were adjusted during each year and at each location to maintain similar forage allowance.
Forage Nutritive Value
Forage deterioration from weathering is a major concern for grazing systems that utilize standing cured forage. Chemical composition of esophageal masticate collected at the Stillwater site is shown in Table 4 . Masticate NDF and ADF concentration increased (P < 0.05) from November through January, and ADF de- creased from January to February (P < 0.05) in both years. As a result of these changes in fiber fractions, masticate TDN concentration decreased (P < 0.05) from November through January. Alexander et al. (1961) reported reduced in vivo digestibility, forage intake, and daily weight gains for cattle fed stockpiled bermudagrass forage harvested after frost compared to cattle fed forage harvested before frost. Others have reported that stockpiled bermudagrass forage DM digestibility (Hart et al., 1969; Taliaferro et al., 1987) and ruminal availability of DM and NDF (Scarbrough et al., 2000b) declines from autumn through the winter. Furthermore, Hart et al. (1969) concluded that digestibility declined faster during warm wet weather and that weather deterioration was greater in forage that entered the winter dormancy period in a less-mature state. Although not measured in the current experiments, the growth of cool-season annual grass species was noted during January and February each year. An increased proportion of this high-quality forage may explain the numerical increase in CP and TDN from January to February. Masticate CP concentrations (Table 4 ) remained above the dietary CP concentration recommended for Means within a row without a common superscript letter differ (P < 0.05). gestating beef cows (NRC, 1996) through February in both years. These results are in agreement with previous research (Taliaferro et al., 1987; Coblentz et al., 1999) . Results from nonfertilized, stockpiled bermudagrass pasture may differ because N fertilization increases stockpiled bermudagrass CP concentration (Alexander et al., 1961; Webster et al., 1965) . In yr 2 of our study, masticate CP concentration declined from November through January. Taliaferro et al. (1987) also noted a decline in protein concentration of fertilized, stockpiled bermudagrass forage in one of two experiments.
Masticate DIP (% of CP) ranged from 50 to 69% of CP over both years (Table 4) . Mathis et al. (1998a) reported that bermudagrass hay harvested during the summer contained 8.2% CP, of which 58.6% was DIP. In yr 1, masticate DIP was greater (P < 0.05) in February compared to previous months. However, in Exp. 2, masticate collected during December and February contained a greater (P < 0.05) concentration of DIP compared to samples collected during November and January. The trend for increased protein degradability over time is likely due to the presence of cool-season annual grass species during late winter. Recently, Scarbrough et al. (2001a) determined the degradability of stockpiled bermudagrass forage using October through January harvest dates. Protein degradability declined through the winter in a bermudagrass monoculture but did not change over time when cool-season forage species were present.
Grazing Trials
Cow Performance. Year had a significant (P < 0.05) impact on cow BW and BCS change (Table 5) . Reduced cow performance during yr 1 was likely due to environmental (climatic) factors influencing standing forage characteristics and(or) cow requirements. However, differences in forage chemical composition (collected at the Stillwater site) did not provide an apparent explanation for divergent cow performance.
All cows gained BW and maintained BCS during the initial 30-d grazing period during both years. Supplementation did not influence cow performance during the initial 30-d period during either yr (Table 5 ). Weight and BCS loss were greater (P < 0.01) for unsupplemented cows compared to supplemented cows from d 31 to 79 in yr 1, and unsupplemented cows lost more BCS from d 64 to 90 in yr 2. Cumulative BW loss was greater (P < 0.01, yr 1) and cumulative BW gain was less (P = 0.06, yr 2) for unsupplemented cows. Similarly, cumulative BCS loss was greater (P < 0.01) for unsupplemented cows in both years. Previous research indicates that daily BW gain of steers grazing bermudagrass pasture during summer (Galloway et al., 1993) or consuming bermudagrass hay (Garces-Yepez et al., 1997) is increased with supplements containing lowprotein concentration and fed at low levels (≤ 0.5% of BW).
Although BW change increased linearly (P = 0.05) with increased supplement protein concentration in yr 1 from d 31 to 79, cumulative weight and BCS change did not respond to increased supplement protein concentration in either experiment (Table 5 ). Other research evaluating effects of increasing supplement protein concentration for cows grazing fertilized stockpiled bermudagrass is not available. Other researchers have shown that late-summer protein supplementation has improved stocker performance while grazing bermudagrass with forage CP concentrations ranging from 10 to 16% (Grigsby et al., 1989; Greene et al., 1990; Phillips and Horn, 1998) . McCroskey et al. (1969) measured the effects of increasing amounts of supplemental cottonseed meal on cow performance while grazing bermudagrass during winter. These authors reported that cow weight loss decreased with each increased amount of supplemental cottonseed meal, although the lowest level of supplementation was adequate to maintain acceptable performance. Incremental increases of supplemental cottonseed meal would have provided additional protein as well as fermentable carbohydrate and improved cow performance could be due to either nutrient. Results from our study indicate that the Low supplement (13% CP) provided sufficient protein to meet the needs of gestating beef cows grazing fertilized, stockpiled bermudagrass forage during winter. These results may not pertain to dormant-season bermudagrass forage in the absence of late-summer fertilization.
Forage Intake. The effects of supplement treatments on forage intake are shown in Table 6 . Supplemented cows tended to consume more forage (%BW) than unsupplemented cows (P = 0.13, yr 1 and P = 0.07, yr 2). Forage intake (% BW) was not affected by increased supplement protein concentration (Table 6) .
Degradable Protein Balance. The adequacy of degradable protein supply for beef cows in this winter grazing system was evaluated using the DIP balance approach as described by NRC (1996) for yr 1 and yr 2 at the Stillwater site only. This was a single point in time estimate because values used in the calculation were taken from samples and intake measurements collected from d 36 to d 41 each year. During yr 1, DIP balance averaged 141, 206, 284, and 383 g/d for the Control, Low, Medium, and High treatments, respectively. Similarly, DIP balance was estimated to be 525, 660, 778, and 906 g/d, respectively for yr 2. Higher DIP balance during the second year is primarily due to higher forage DIP concentration during the December collection. Apparently, DIP supply was not limiting in this winter grazing system.
Digestion Trial
The chemical composition of stockpiled bermudagrass hay is shown in Table 7 and daily intake and digestibility of dietary components are shown in Table  8 . The hay was harvested approximately 30 d after first killing frost and received 2.5 cm of precipitation between frost and harvest. Apparent CP and DM digestibilities were 48.0 and 45.9%, respectively, in the unsupplemented steers. These values agree with Alexander et al. (1961) , who reported apparent CP digestibility for bermudagrass hay harvested within 7 d after first frost to be 46.8% and DM digestibility to be 49.3%.
Supplementation increased (P < 0.01) intake of hay from fertilized, stockpiled bermudagrass as well as intake (P < 0.01) and apparent digestibility (P = 0.07) of total OM. This resulted in a 49% increase (P < 0.01) in total digestible organic matter intake (TDOMI) by supplemented steers compared to unsupplemented steers. Apparent CP digestibility increased (P < 0.01) with supplementation, although digestibility of dietary ADF, NDF, and acid detergent-insoluble N was not significantly affected (P = 0.41, 0.52, and 0.36, respectively). Supplementation increased OM digestibility by an average of 7 percentage points (48.8 vs 55.8). Expected OM digestibilities were calculated using NRC (1996) values for supplement TDN and 48.8% OM digestibility of bermudagrass hay (observed value for Control treatment). Using this approach, expected OM digestibilities were 51.7, 52.1, and 52.3% for the Low, Medium, and High treatments, respectively. Consequently, approximately one-half of the observed increase in OM digestibility was an increase in forage digestibility. Lagasse et al. (1990) measured the effects of increasing amounts of alfalfa (16.9% CP) supplementation on intake and digestion of high-quality bermudagrass hay (14.3% CP). These researchers concluded that this bermudagrass hay was limiting in fermentable carbohydrates, rather than protein, and that alfalfa provided adequate fermentable carbohydrates for the growth of fiber-degrading microbes.
No differences were observed among supplemented groups for hay intake (P = 0.48), total OM intake (P = 0.48), or TDOMI (P = 0.57). Apparent crude protein digestibility increased with increased supplement protein concentration (P = 0.03), presumably a result of the supplement protein having higher digestibility (NRC, 1996) compared to the forage. Digestibility of ADF (P = 0.84), NDF (P = 0.57), and acid detergent-insoluble N was not significantly altered. Mathis et al. (1998a) also concluded that DIP supplementation had no effect on total OM intake, total OM digestion, TDOMI, NDF intake, or NDF digestibility in steers consuming bermudagrass hay harvested during summer.
Several experiments have investigated the requirement for DIP when cattle consume native winter pasture (Hollingsworth-Jenkins et al., 1996) or prairie hay (Scott and Hibberd, 1990; Karges et al., 1991; Koster et al., 1996; and Mathis et al., 1999) . In these studies, the DIP requirement was estimated to be 7.1, 11.2, 10.0, 11.1, and 9.4% of TDOMI, respectively. In an extensive review of the literature, Cochran et al. (1998) reported a positive relationship between DIP intake and TDOMI, with a slower increase in TDOMI when DIP was greater than 10% of TDOMI. When the DIP-to-TDOMI ratio was evaluated for each treatment, we observed values ranging from 10.3 to 14.7 (Table 8) . These results are consistent with those from the cow performance, forage intake, and digestion trials indicating that additional DIP, beyond that provided by the Low treatment, did not improve forage utilization.
The growth rate of microorganisms is directly proportional to the rate of carbohydrate digestion and available N (Bryant, 1973; Hespell and Bryant, 1979; Nocek and Russell, 1988) . If carbohydrates are slowly digested in the rumen, microbial growth and ammonia utilization will be reduced (Russell et al., 1992) . Because ruminally available N was not limiting in these experiments, perhaps the addition of rapidly fermentable structural carbohydrate, in the form of soybean hulls, stimulated ruminal fermentation.
Implications
These studies demonstrate the potential for stockpiling bermudagrass forage to extend fall and winter grazing. However, the enterprise risk associated with variable forage production and variable cow performance should be considered when evaluating grazing and winter feeding alternatives. Forage nutritive value tends to decline as winter progresses. Accordingly, forage quality and environmental conditions allow for positive weight gains by beef cows during late fall although supplementation is required to maintain weight and body condition during winter months. Under the conditions of these experiments, supplements do not need to contain high concentrations of protein to improve cow performance and utilization of fertilized, stockpiled bermudagrass pasture.
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